INTRODUCTION {#S1}
============

Kaposi's sarcoma-associated herpesvirus (KSHV) is the etiological agent of three human malignancies: Kaposi's sarcoma (KS), primary effusion lymphoma (PEL), and multicentric Castleman's disease (MCD) ([@R4]; [@R5]; [@R28]). KSHV has a double-stranded DNA genome and can exhibit two phases of its life cycle: latency and lytic replication. During the latent phase of viral replication, the virus persists as circular episomes, and expression of viral genes is largely restricted to the latency-associated transcripts ([@R33]). When it switches to lytic reactivation, all viral genes are expressed, viral DNA is amplified, and progeny virions are produced. Unlike in latency, which can evade host immune surveillance to establish life-long infection, the host immune responses tend to be more pronounced during lytic infection ([@R20]).

KSHV infection has been shown to trigger innate immune responses by activating several host DNA and RNA sensors, including Toll-like receptors (TLRs), retinoic acid-inducible gene I protein (RIG-I)-like receptors (RLRs), nucleotide-binding oligomerization domain (NOD)-like receptors (NLRs), absent in melanoma 2 (AIM2)-like receptors (ALRs) and cyclic GMP-AMP synthase (cGAS) stimulator of interferon genes protein (STING) pathways ([@R9]; [@R15]; [@R16]; [@R18]; [@R31]; [@R32]; [@R34]). Activation of these signaling pathways eventually leads to induction of type I interferons (IFNs) and proinflammatory cytokines, which establish an antiviral state and inhibit KSHV infection and replication. On the other hand, KSHV encodes several viral proteins that counteract the host immune system to facilitate its persistence ([@R7]). RIG-I and melanoma differentiation associated gene 5 (MDA5) are the two major cytosolic double-stranded RNA (dsRNA) sensors that signal through the adaptor protein mitochondrial antiviral signaling (MAVS) to activate downstream signaling and subsequent type I IFN production. Although a DNA virus, KSHV infection has been reported to also activate the RLR signaling pathway ([@R32]) because KSHV infection leads to production of virus- and host-derived RNAs ([@R35]; [@R36]) that can be recognized by MDA5 and RIG-I. Depletion of RIG-I or its adaptor MAVS has been found to increase KSHV infection, efficiency, and lytic reactivation ([@R32]). To counteract activation of the RLR pathway, KSHV encodes a viral deubiquitinase, ORF64, which can deubiquitinate RIG-I to prevent RIG-I-mediated IFN induction ([@R11]).

dsRNA usually arises from evading pathogens, but some cellular RNAs do contain RNA duplexes, such as the Alu hairpins in 3′ UTRs of mature mRNAs in the cytoplasm ([@R3]). Aberrant recognition of these RNA structures leads to chronic inflammation, which is hazardous to the host. Therefore, host cells have developed efficient mechanisms, such as RNA base modification, to prevent these endogenous RNA duplexes from being detected by host pattern recognition receptors (PRRs). Several recent studies have demonstrated that adenosine deaminase acting on RNA 1 (ADAR1), a dsRNA adenosine (A)-to-inosine (I) editing enzyme, plays a critical role in avoiding autoinflammation by preventing PRRs from sensing host-derived RNAs that contain RNA duplexes ([@R21]). Murine *Adar1^−/−^* cells showed reduced A-to-I editing of IFN-inducible RNA species, which led to dsRNA ligand sensing by dsRNA-activated protein kinase R (PKR) and MDA5 ([@R12]). Moreover, ADAR1 knockout in human neural progenitor cells results in IFN production and cell death ([@R6]). ADAR1 mutations lead to Aicardi-Goutieres syndrome (AGS), an autoimmune disease associated with spontaneous IFN production ([@R26]). There are three ADARs (ADAR1--ADR3) in mammalian cells, and ADAR1 is the active A-to-I editor of Alu elements in human cells ([@R24]). A-to-I editing events have also been observed in several different viruses, and they play important roles during viral infection ([@R27]). In the case of KSHV, ADAR1-mediated RNA editing of the KSHV Kaposin transcript has been reported, which eliminates its transforming activity ([@R8]). However, whether ADAR1 plays a role in the innate immune response to KSHV is currently not known.

In this study, we found that depletion of ADAR1 in KSHV latently infected cells inhibited viral gene transcription and viral replication during KSHV reactivation from latency. The inhibited viral replication is due to increased type I IFN and proinflammatory cytokine production, which is dependent on the RIG-I/MDA5-MAVS signaling pathway. Our findings collectively suggest that ADAR1 plays a proviral role in facilitating KSHV lytic reactivation by preventing viral induced host RNA duplexes from activating the RLR signaling pathway. Our findings therefore indicate that ADAR1 facilitates DNA virus replication by dampening the RLR pathway-mediated innate immune response.

RESULTS {#S2}
=======

Suppression of ADAR1 Expression Inhibits KSHV Reactivation {#S3}
----------------------------------------------------------

We measured the editing activity of ADAR in KSHV-infected cells, iSLK.219, and found that ADAR activity was gradually increased during KSHV reactivation from latency ([Figure S1](#SD1){ref-type="supplementary-material"}). To further determine whether ADAR1 is involved in regulating KSHV lytic reactivation, we used small interfering RNA (siRNA) to suppress ADAR1 expression in iSLK.219 cells, which contain a latent KSHV genome and a doxycycline (Dox)-inducible RTA (replication and transcription activator) protein to enable entry into the lytic cycle. The cells also express a constitutive GFP marker and an RFP marker driven by a lytic cycle-specific promoter, which can be used as an indicator for lytic reactivated cells ([@R22]). We found that there were markedly fewer RFP-positive cells after Dox treatment in ADAR1-depleted cells than in control cells ([Figure 1A](#F1){ref-type="fig"}), indicating that suppression of ADAR1 inhibited KSHV lytic reactivation. The RFP (red fluorescent protein) and GFP intensities in the cells were further quantified by a plate reader and presented as fold induction of the RFP/GFP ratio ([Figure 1B](#F1){ref-type="fig"}). Consistent with these data, we found that KSHV genome copies in the supernatant were also significantly reduced in ADAR1-silenced cells ([Figure 1C](#F1){ref-type="fig"}). The knockdown efficiency of ADAR1 was confirmed by real-time PCR ([Figure 1D](#F1){ref-type="fig"}). We next examined the mRNA expression level of several KSHV genes to identify the effect of ADAR1 on viral gene transcription. Expression of the KSHV genes viral interleukin-6 (vIL-6) (latent and lytic gene), ORF39 (early gene), and K8.1 (late gene) was successfully induced upon reactivation, whereas ADAR1-depleted cells showed an impaired ability to induce transcription of these lytic genes compared with control cells, especially 72 h after reactivation ([Figures 1E](#F1){ref-type="fig"}-[1G](#F1){ref-type="fig"}). Consistent with these results, expression of the KSHV proteins vIL-6, ORF45, and K8α was also reduced in ADAR1-deficient cells ([Figure 1H](#F1){ref-type="fig"}). Taken together, these data indicate ADAR1 is required for optimal KSHV lytic reactivation from latency.

Knockdown of ADAR1 Increases IFNβ Production and Induces a Large Array of Antiviral Genes during KSHV Lytic Reactivation {#S4}
------------------------------------------------------------------------------------------------------------------------

Because ADAR1 has been reported to prevent dsRNA from triggering innate immune signaling ([@R21]), we next checked the induction of IFNβ in ADAR1-deficient cells during KSHV lytic reactivation. As shown in [Figure 2A](#F2){ref-type="fig"}, IFNβ mRNA expression following KSHV reactivation was significantly enhanced in ADAR1 depleted cells 48 h and 72 h after Dox treatment. We also measured IFNβ production in the supernatant and found that IFNβ protein was readily detected in ADAR1-depleted cells 72 h after Dox treatment, but not in any of the samples from control cells ([Figure 2B](#F2){ref-type="fig"}). Similar results were observed with three individual ADAR1 siRNAs, confirming the specificity of the ADAR1 siRNAs we used ([Figures S2A](#SD1){ref-type="supplementary-material"}-[S2D](#SD1){ref-type="supplementary-material"}). We also checked the mRNA expression profile of several IFN-related genes, including IFNα1, IFNγ, signal transducer and activator of transcription 1 (STAT1), and IL-8. We found that mRNA induction of these genes was also significantly increased in ADAR1-suppressed cells 72 h post-reactivation ([Figures 2C](#F2){ref-type="fig"}-[2F](#F2){ref-type="fig"}). IFNβ is known to bind IFNα/β receptor (IFNAR) and induce IFN-stimulated genes (ISGs) for effective antiviral responses. We further performed a Human Interferon & Receptors PCR Array (QIAGEN) analysis of 84 genes whose expression is controlled by or that are involved in cell signaling mediated by IFN ligands and receptors. After Dox treatment for 72 h, KSHV reactivation led to a more than 2-fold induction in multiple genes. Among these genes, 30 showed a much higher induction (\>2-fold) in ADAR1 siRNA-transfected cells than in non-specific (NS) siRNA-transfected control cells. The overall gene expression profile of all 84 genes tested is shown as a heatmap in [Figure 2G](#F2){ref-type="fig"}, and raw data are listed in [Table S1](#SD1){ref-type="supplementary-material"}. In summary, ADAR1 deficiency leads to a markedly higher induction of type I IFN signaling during KSHV lytic reactivation.

Knockdown of ADAR1, but Not ADAR2, Results in Loss of A-to-I Editing of KSHV Transcripts and Increases IFNβ Production during Lytic Reactivation {#S5}
------------------------------------------------------------------------------------------------------------------------------------------------

Considering that both ADAR1 and ADAR2 have been shown to possess A-to-I editing activity, we further examined whether ADAR2 also plays a role in KSHV lytic reactivation. Kaposin RNA is the only transcript in KSHV that has been reported to undergo A-to-I editing, and the amount of edited Kaposin transcript increases dramatically as the lytic cycle progresses, leading to highly penetrant A-to-G transition at 72 h ([@R1]; [@R8]). To evaluate the A-to-I editing activity of ADAR1 and ADAR2 in KSHV transcripts, we depleted ADAR1 or ADAR2 in iSLK.219 cells using siRNA and confirmed the knockdown efficiency with real-time PCR ([Figures 3A](#F3){ref-type="fig"} and [3B](#F3){ref-type="fig"}). We next sequenced the editing region of Kaposin mRNA from cells transfected with each siRNA after Dox treatment for 72 h. A large portion of cDNAs derived from Kaposin RNA transcripts have G at the previously reported rKSHV.219 genome coordinate site 117,809 in control and ADAR2-deficient cells, whereas only the original unedited nucleotide (A) was seen at this site in the Kaposin transcript from ADAR1-suppressed cells ([Figure 3C](#F3){ref-type="fig"}). This indicates that A-to-I editing of the KSHV Kaposin transcript is dependent on ADAR1 but not ADAR2. In contrast to ADAR1, knockdown of ADAR2 did not enhance IFNβ production during KSHV lytic reactivation compared with control cells ([Figures 3D](#F3){ref-type="fig"} and [3E](#F3){ref-type="fig"}). We also compared the mRNA expression level of ADAR1 and ADAR2 because one previous study reported that ADAR2 mRNA is much lower than ADAR1 in KSHV-infected PEL cells ([@R8]). Consistent with that study, we found that ADAR1 mRNA is about 50-fold more abundant than ADAR2 mRNA in iSLK.219 cells ([Figure S3](#SD1){ref-type="supplementary-material"}). Although we do not exclude the possibility that ADAR2 may also be involved in RNA editing during KSHV reactivation, because of its extremely low abundance, its contribution is likely to be minor. Taken together, these data indicate that ADAR1, but not ADAR2, is responsible for dsRNA editing during KSHV lytic reactivation.

The ADAR1 p110 and p150 Isoforms Are Responsible for Preventing Innate Immune Activation during KSHV Lytic Reactivation {#S6}
-----------------------------------------------------------------------------------------------------------------------

The *ADAR1* gene encodes two protein isoforms, referred to as p110 and p150, both of which possess A-to-I editing activity ([@R27]). To further dissect the role of each isoform in innate immune response activation during KSHV lytic reactivation, we first designed several siRNAs that are supposed to specifically target p110 or p150. However, all of these siRNAs turned out to target both isoforms (data not shown). We next attempted to generate ADAR1, p110, or p150 knockout (KO) iSLK.219 cell lines using CRISPR technology. A previous study successfully generated ADAR1 KO and p150 KO 293T cell lines and also found that p110 KO was not feasible ([@R6]). We employed the same short guide RNA (sgRNA) sequences used in that study. However, although we screened more than 100 clones for each gene, we were not able to get a clean KO cell clone. Nevertheless, we did generate several cell clones in which ADAR1 or p150 expression was significantly reduced. For convenience, we still named these clones KO cells. Robust IFNβ production was detected in supernatant from ADAR1 KO cells 72 h after KSHV reactivation ([Figure S4A](#SD1){ref-type="supplementary-material"}), which confirmed the results from the siRNA experiments. On the other hand, although the amount of IFNβ produced from p150 KO cells is significantly more than that from WT cells, it is much less than that from ADAR1 KO cells. This indicates that p150 plays a partial role in preventing KSHV reactivation-induced innate immune responses, and p110 likely also contributes to some extent. Consistently, IFNβ mRNA and mRNA of two IFNβ-inducible genes, RIG-I and MDA5, were markedly induced in ADAR1 KO and p150 KO cells, with lower induction in p150 KO cells ([Figures S4B](#SD1){ref-type="supplementary-material"}-[S4D](#SD1){ref-type="supplementary-material"}). Phosphorylation of TBK1 and IRF3, which indicates the activation status of several canonical innate immune pathways, is also enhanced in ADAR1 KO and p150 KO cells compared with WT iSLK.219 cells after KSHV lytic reactivation ([Figure S4E](#SD1){ref-type="supplementary-material"}). Taken together, these data suggest that the ADAR1 isoforms p110 and p150 contribute to preventing innate immune activation during KSHV lytic reactivation.

A-to-I Editing of the Kaposin Transcript Does Not Induce IFNβ Production, Nor Does It Affect KSHV Lytic Reactivation {#S7}
--------------------------------------------------------------------------------------------------------------------

Because we confirmed that Kaposin transcript undergoes A-to-I editing by ADAR1, we next evaluated whether this editing affects innate immune activation and KSHV lytic reactivation. We constructed plasmids that expressed the wild-type or edited Kaposin A transcripts. The RNA secondary structures of both transcripts were subjected to the RNA Mfold program and are depicted in [Figure S5A](#SD1){ref-type="supplementary-material"}. Each plasmid was co-transfected with an IFNβ promoter luciferase reporter plasmid into 293T cells, and the expression of both transcripts was readily detected ([Figure S5B](#SD1){ref-type="supplementary-material"}). However, neither transcript was able to activate IFNβ promoter activity ([Figure S5C](#SD1){ref-type="supplementary-material"}). We also suppressed Kaposin transcript expression in iSLK.219 cells using three individual siRNAs ([Figure S5D](#SD1){ref-type="supplementary-material"}). Depletion of Kaposin did not seem to affect KSHV virion production and release into the medium after Dox-induced lytic reactivation ([Figure S5E](#SD1){ref-type="supplementary-material"}). Moreover, knockdown of Kaposin did not affect KSHV viral gene expression either ([Figure S5F](#SD1){ref-type="supplementary-material"}). Hence, depletion of Kaposin does not appear to affect KSHV lytic reactivation.

Suppression of ADAR1 Enhances the RLR Signaling Pathway during KSHV Reactivation {#S8}
--------------------------------------------------------------------------------

Previous studies have shown that dsRNA was induced in iSLK.219 cells ([@R32]) and BC-3 cells ([@R36]) during KSHV lytic reactivation. RIG-I and MDA5 are two major dsRNA sensors, and both are IFN-inducible genes. Because we have shown that KSHV reactivation led to IFNβ induction and that suppression of ADAR1 further enhanced this induction, we next monitored the transcription of the MDA5 and RIG-I genes. KSHV reactivation lead to limited induction of MDA5 and RIG-I mRNA in cells transfected with control siRNA, whereas knockdown of ADAR1 significantly increased induction of both genes 72 h post-reactivation ([Figures 4A](#F4){ref-type="fig"} and [4B](#F4){ref-type="fig"}). Correspondingly, the protein expression of both MDA5 and RIG-I was markedly increased only in ADAR1-suppressed cells treated with Dox for 72 h ([Figure 4C](#F4){ref-type="fig"}). We also checked activation of the RLR signaling pathway by looking at TBK1 and IRF3 phosphorylation. KSHV reactivation induced phosphorylation of TBK1 and IRF3 in control cells, whereas knockdown of ADAR1 significantly increased the phosphorylation level of both proteins, especially 72 h after reactivation ([Figure 4C](#F4){ref-type="fig"}).

Many cellular RNAs have been reported to specifically interact with MDA5 or RIG-I during KSHV lytic reactivation, including GINS1, NOP14, and several vault RNAs (vtRNAs) ([@R36]), and thus can serve as ligands that activate the RIG-I/MAD5 pathway. Moreover, GINS1 and NOP14 RNAs have already been reported to harbor adenosine sites that can be edited by ADAR1 ([@R2]; [@R25]). To evaluate whether ADAR1 can prevent potential recognition of these cellular RNAs by MDA5 or RIG-I, we performed RNA immunoprecipitation quantitative PCR (RIP-qPCR) using the J2 antibody, which specifically interacts with dsRNA, in iSLK.219 cells transfected with control or ADAR1 siRNA.

GINS1 and NOP14 RNAs were significantly enriched by the J2 antibody in ADAR1 knockdown cells compared with control cells after KSHV reactivation ([Figure 4D](#F4){ref-type="fig"}). Although the J2 antibody may not share the exact same structural/sequence preferences as MDA5 and RIG-I, these data suggest that, in the absence of ADAR1, it is possible that unedited cellular RNAs such as GINS1 and NOP14 RNA are more easily recognized by MDA5 or RIG-I and therefore induce robust innate immune responses. The three vtRNAs and Kaposin RNA were not further enriched in ADAR1 knockdown cells compared with control cells.

To rule out the possibility that Dox itself can trigger IFNβ production, we transfected NS or ADAR1 siRNA into iSLK.RTA cells, which harbor a Dox-inducible RTA gene but lack the KSHV genome, and then treated with Dox. After ADAR1 was depleted in iSLK.RTA cells ([Figure S6A](#SD1){ref-type="supplementary-material"}), IFNβ mRNA was increased in ADAR1-depleted cells even without Dox (0 h), but Dox treatment did not affect this trend, suggesting that Dox by itself (or RTA expression alone) does not induce IFNβ production ([Figure S6B](#SD1){ref-type="supplementary-material"}). Moreover, Dox treatment or RTA expression alone did not induce IFNβ mRNA expression in cells transfected with control siRNA ([Figure S6B](#SD1){ref-type="supplementary-material"}). Finally, Dox treatment or RTA expression alone also did not affect or only moderately increased the mRNA level of MDA5 or RIG-I ([Figures S6C](#SD1){ref-type="supplementary-material"} and [S6D](#SD1){ref-type="supplementary-material"}).

Enhanced IFNβ Production by Depletion of ADAR1 Is Dependent on the RLR Signaling Pathway {#S9}
----------------------------------------------------------------------------------------

To confirm whether enhanced IFNβ induction in ADAR1-depleted cells during KSHV reactivation is dependent on the RLR pathway, we further knocked down MDA5 or RIG-I in ADAR1-deficient iSLK.219 cells and then induced lytic reactivation. As described above, IFNβ induction was increased in ADAR1-depleted cells. However, this increase was almost completely abolished in cells transfected with MDA5 and ADAR1 siRNA ([Figure 5A](#F5){ref-type="fig"}). IFNβ mRNA induction was also significantly decreased in cells with RIG-I and ADAR1 siRNAs compared with cells with ADAR1 siRNA alone, but to a much lesser extent compared with cells with MDA5 depletion ([Figure 5A](#F5){ref-type="fig"}). The knockdown efficiency of ADAR1, MDA5, and RIG-I was confirmed by real-time PCR ([Figures 5B](#F5){ref-type="fig"}-[5D](#F5){ref-type="fig"}). Additional silencing of MDA5 or RIG-I in ADAR1-depleted cells almost completely abolished KSHV reactivation-induced phosphorylation of TBK1 and IRF3 compared with cells transfected with ADAR1 siRNA alone ([Figure 5E](#F5){ref-type="fig"}). Consistent with these data, IFNβ in the supernatant from cells transfected with MDA5 and ADAR1 siRNA together or RIG-I and ADAR1 siRNA together was significantly reduced compared with that from cells transfected with only ADAR1 siRNA ([Figure 5F](#F5){ref-type="fig"}). Finally, depletion of MDA5 together with ADAR1 rescued KSHV viral gene transcription, which was inhibited by knockdown of ADAR1 alone, whereas depletion of RIG-I and ADAR1 together only partially rescued viral gene transcription ([Figures 5G](#F5){ref-type="fig"} and [5H](#F5){ref-type="fig"}), probably because depletion of RIG-I only partially reduced IFNβ production ([Figures 5A](#F5){ref-type="fig"} and [5F](#F5){ref-type="fig"}). Taken together, these data suggest that enhanced innate immune responses during KSHV reactivation in ADAR1-deficient cells is dependent on activation of the RLR signaling pathway.

Depletion of the RLR Adaptor Protein MAVS in ADAR1-Deficient Cells Rescues KSHV Lytic Reactivation {#S10}
--------------------------------------------------------------------------------------------------

It is known that dsRNA sensing by RIG-I or MDA5 leads to activation of the common adaptor protein MAVS, which then mediates activation of downstream signaling and subsequent type I IFN induction. To further confirm that ADAR1 facilitates KSHV lytic reactivation by inhibiting RLR-dependent IFNβ production, we transfected iSLK.219 cells with ADAR1 siRNA alone or together with MAVS siRNA and then induced lytic reactivation with Dox. As we showed previously, depletion of ADAR1 significantly reduced RFP-positive cells, an indicator of KSHV lytic reactivation, compared with control cells ([Figure 1A](#F1){ref-type="fig"}). However, additional knockdown of MAVS in ADAR1-deficient cells showed a similar level of RFP-positive cells compared with control cells ([Figures 6A](#F6){ref-type="fig"} and [6B](#F6){ref-type="fig"}). We also confirmed the knockdown efficiency of ADAR1 and MAVS by real-time PCR ([Figures 6C](#F6){ref-type="fig"} and [6D](#F6){ref-type="fig"}). IFNβ mRNA induction in ADAR1-deficient cells induced by KSHV reactivation was completely abolished in the absence of MAVS ([Figure 6E](#F6){ref-type="fig"}). Accordingly, transcription of viral genes was significantly inhibited in ADAR1-depleted cells but rescued by depletion of ADAR1 and MAVS together ([Figures 6F](#F6){ref-type="fig"} and [6G](#F6){ref-type="fig"}). Furthermore, immunoblot analysis demonstrated that expression of the viral proteins K8α and ORF45 was decreased in ADAR1-deficient cells, especially at the 72-h time point, and rescued when MAVS was also depleted along with ADAR1 ([Figure 6H](#F6){ref-type="fig"}). Finally, the increased IRF3 phosphorylation in ADAR1-depleted cells was not observed when MAVS and ADAR1 were depleted together ([Figure 6H](#F6){ref-type="fig"}).

Knockdown of ADAR1 in PEL Cells Increases IFNβ Expression and Inhibits KSHV Reactivation {#S11}
----------------------------------------------------------------------------------------

To further confirm the role of ADAR1 in modulating KSHV lytic reactivation, we also performed similar experiments in TREx BCBL1-RTA cells, which is a KSHV-infected PEL-derived B cell line. Similar to iSLK.219 cells, TREx BCBL1-RTA cells carry an RTA gene under the control of a Dox-inducible promoter but lack the GFP and RFP markers. We knocked down ADAR1 in TREx BCBL1-RTA cells ([Figure 7A](#F7){ref-type="fig"}) and discovered that suppression of ADAR1 resulted in significantly increased IFNβ, IFNα1, and IFNγ mRNA expression ([Figures 7B](#F7){ref-type="fig"}-[7D](#F7){ref-type="fig"}). We next performed the same Human Interferons & Receptors PCR array analysis in TREx BCBL1-RTA cells. After Dox treatment for 48 h, KSHV reactivation lead to a more than 2-fold induction of multiple genes in cells transfected with NS siRNA or ADAR1 siRNA. Of these genes, 15 showed much higher induction (\>2-fold) in ADAR1 siRNA-transfected cells than in control siRNA-transfected cells ([Figure 7E](#F7){ref-type="fig"}; [Table S2](#SD1){ref-type="supplementary-material"}). In summary, ADAR1 deficiency leads to markedly higher induction of type I IFNs signaling in PEL cells during lytic replication.

Enhanced IFNβ induction upon ADAR1 depletion in TREx BCBL1-RTA cells is also dependent on the RLR pathway because depletion of MAVS together with ADAR1 reversed IFN induction ([Figures 7F](#F7){ref-type="fig"}-[7H](#F7){ref-type="fig"}). Accordingly, KSHV viral gene transcription and viral protein expression were significantly reduced in ADAR1-suppressed cells and rescued to a similar level as control cells when MAVS was silenced together with ADAR1 ([Figures 7I](#F7){ref-type="fig"}-[7K](#F7){ref-type="fig"}). In conclusion, we demonstrated that suppression of ADAR1 in KSHV-positive PEL inhibits KSHV lytic reactivation because of increased type I IFN production, which is dependent on activation of the RLR signaling pathway.

DISCUSSION {#S12}
==========

KSHV lytic reactivation activates innate immune pathways, which leads to production of type I IFNs and subsequent antiviral responses. KSHV has evolved several mechanisms to curb these responses for successful viral infection and replication. For example, KSHV vIRF1, a viral homolog of cellular IRFs (interferon regulatory factors), can inhibit activation of the TLR3 and cGAS-STING pathways, facilitating KSHV replication ([@R14]; [@R18]). In addition, utilization of host proteins to restrict IFNβ responses during KSHV lytic reactivation has also been reported. NLRX1 has been identified to facilitate KSHV lytic replication by suppressing the type I IFN response ([@R19]). In this study, we demonstrated that the host dsRNA-editing enzyme ADAR1 plays a pivotal role in facilitating KSHV reactivation. Suppression of ADAR1 in iSLK.219 and TREx BCBL1-RTA cells led to markedly increased type I IFN production during KSHV lytic reactivation, which subsequently activates expression of many ISGs and proinflammatory cytokines, significantly impairing KSHV viral gene transcription and virion production. Although some studies have shown that ADAR1 plays an antiviral role during infection with certain RNA viruses ([@R27]), our data suggest that ADAR1 acts as a proviral factor during KSHV lytic replication.

Previous studies have reported that ADAR1 controls innate immune responses to RNA through the RLR signaling pathway ([@R21]). RIG-I and MDA5 are the major cytosolic sensors of dsRNA, and both of them have been reported to restrict KSHV lytic reactivation ([@R32]). We also investigated whether induction of type I IFN in ADAR1-deficient cells during KSHV reactivation is dependent on the RLR pathway. Our data showed that additional depletion of MDA5/RIG-I or MAVS together with ADAR1 greatly diminished induction of IFNβ and rescued KSHV reactivation in ADAR1-deficient cells, suggesting that the enhanced KSHV reactivation-induced IFN responses in ADAR1-suppressed cells are mainly dependent on activation of RLR-MAVS signaling. We also investigated the potential triggers for the RLR pathway. Our data show that GINS1 and NOP14 RNAs, which have been reported previously to be enriched by MDA5 pull-down during KSHV reactivation ([@R36]), were significantly enriched by the J2 antibody in ADAR1-depleted cells, suggesting that these cellular RNAs could be targets of ADAR1. These data suggest that, in the absence of ADAR1, it is possible that these unedited cellular RNAs can be more easily recognized by MDA5 or RIG-I to trigger activation of the RLR pathway. The three vtRNAs, which have been reported previously to be enriched by RIG-I pull-down during KSHV reactivation ([@R36]), were not further enriched by the J2 antibody in ADAR1-depleted cells. This may be because they were not edited by ADAR1.

Several studies have shown that ADAR1 displays antiviral activities against a subset of RNA viruses by directly modifying viral RNAs and accumulating deleterious mutations in the viral genomes ([@R27]). ADAR1 also edits Epstein-Barr virus (EBV) BART6 microRNA, miR-BART6-5p, to antagonize its activity regarding EBNA2 expression in EBV-infected cells ([@R10]). In the case of KSHV, there is only one study that has reported that ADAR1 performs A-to-I editing in the KSHV Kaposin (K12) transcript, which eliminates its transforming activity ([@R8]). Notably, this editing level is much higher during lytic replication than in latency, probably because of increased ADAR1 activity during reactivation, as our data suggest ([Figure S1](#SD1){ref-type="supplementary-material"}). Our data confirmed that ADAR1 indeed carries out A-to-I editing in the Kaposin transcript. However, neither wild-type nor the edited Kaposin transcripts could induce IFNβ promoter-driven luciferase activity. Kaposin does not seem to be essential for KSHV lytic replication either. Therefore, our data suggest that loss of A-to-I editing in the Kaposin transcript by ADAR1 is not responsible for activation of innate immune responses or defective KSHV lytic replication in ADAR1-deficient cells. However, although a previous study showed that Kaposin is the only KSHV transcript that undergoes A-to-I editing ([@R1]), it is still possible that other KSHV transcripts are also edited by ADAR1, which might be important for immune activation or KSHV lytic replication. For example, several circular RNAs (circRNAs) have been identified in KSHV-infected cells as well as in KSHV-positive patients. The KSHV circRNAs are located within open reading frames (ORFs) of viral lytic genes whose expression is activated upon induction of the lytic cycle ([@R29]; [@R30]). Cellular circRNAs tend to form 16- to 26-bp imperfect RNA duplexes and act as inhibitors of PKR to regulate innate immunity ([@R17]). circRNAs have also been shown to be highly enriched in RNA editing events, and knockdown of ADAR1 significantly and specifically upregulates circRNA expression ([@R13]). Therefore, future studies will focus on determining whether ADAR1 is involved in KSHV circRNA editing and whether this editing affects KSHV lytic reactivation and host innate immune responses. To date, no previous studies have reported that ADAR1 is involved in regulating RLR-mediated innate immune responses against DNA viruses. Our data clearly show that ADAR1 prevents activation of the RLR-mediated innate immune response, which, in turn, facilitates KSHV lytic reactivation.

STAR★METHODS {#S13}
============

Detailed methods are provided in the online version of this paper and include the following:

RESOURCE AVAILABILITY {#S14}
---------------------

### Lead Contact {#S15}

Further information and requests for resources and reagents should be directed to the Lead Contact, Blossom Damania (<damania@med.unc.edu>).

### Materials Availability {#S16}

This study did not generate new unique reagents.

### Data and Code Availability {#S17}

This study did not generate any unique datasets or code. The published article includes all datasets generated or analyzed during this study.

EXPERIMENT MODEL AND SUBJECT DETAIL {#S18}
-----------------------------------

### Cell culture {#S19}

iSLK.219 cells (a kind gift from Dr. Don Ganem) were maintained in DMEM medium (Corning) containing 10% tetracycline (Tet)-free FBS (Sigma), 1% Pen-Strep (Corning), 10 μg/ml puromycin (Corning), 250 μg/ml Geneticin (Corning), and 400 μg/ml hygromycin B (Corning). BCBL1-TREx-RTA cells (a kind gift from Dr. Jae Jung) were cultured in RPMI 1640 (Corning) medium supplemented with 10% tetracycline (Tet)-free FBS, 1% Pen-Strep, 1% L-glutamine, 1% sodium bicarbonate, 0.05 mM β-mercaptoethanol, and 20 μg/ml hygromycin. 293FT (Thermo Fisher, R7007) were maintained in DMEM medium containing 10% FBS (Millipore) and 1% Pen-Strep. All cells were maintained at 37°C in a 5% CO^2^ laboratory incubator subject to routine cleaning and decontamination.

### iSLK.219 knockout cell lines {#S20}

ADAR1 KO and ADAR1p150 KO iSLK.219 cell lines were generated via CRISPR-Cas9 genome editing. All gRNA sequences are the same as those used in a previous study ([@R6]) and are listed in [Table S3](#SD1){ref-type="supplementary-material"}. Briefly, gRNAs were cloned into LentiCRISPRv2 blast plasmid (Addgene) and transfected into 293FT cells along with ViraPower Lentiviral Packaging Mix (Invitrogen) using Lipofectamine 2000 (Invitrogen). Two days post transfection, the supernatant was collected, centrifuged and then transferred to iSLK.219 cells. Two days after infection, the iSLK.219 cells were selected with 10 μg/ml blasticidin (Invivogen) for 5 days and single cell colonies were isolated in 96-well plates and validated by immunoblotting using ADAR1 antibody.

METHOD DETAILS {#S21}
--------------

### RNA interference, KSHV reactivation and fluorescence microscopy {#S22}

iSLK.219 cells were transfected with 80 nM siRNA (Dharmacon, siRNA sequences are listed in [Table S3](#SD1){ref-type="supplementary-material"}) or control non-targeting (NS) pool (Dharmacon, D-001810-10-50) using Lipofectamine RNAiMax (Invitrogen). At 48 hours post-transfection, cells were replenished with complete DMEM medium containing doxycycline at the indicated concentration for KSHV reactivation. BCBL1-TREx-RTA cells were transfected with siRNA using Lonza nucleofector V kit according to the manufacturer's recommendations. At 48 hours post-transfection, cells were replenished with complete RPMI 1640 medium containing 0.1 μg/ml doxycycline for KSHV reactivation. Cells were collected at the indicated times for later analysis. GFP and RFP images of the cells were taken by a fluorescence microscope at the indicated times using the same exposure time setting. One representative image of each sample is shown in the manuscript. The RFP/GFP fluorescence intensity in each well (triple wells for each sample) was then measured by a microplate reader right after the microscopy. The fold induction was calculated and normalized to NS treated cells at Dox 0h.

### Quantitative Real-time PCR and PCR arrays {#S23}

Total RNA was extracted with RNeasy Plus Mini Kit (QIAGEN) and cDNA synthesis was performed using SensiFAST cDNA Synthesis Kit (Bioline). Real-time qPCR was performed with Sensi-Fast SYBR (Bioline). The housekeeping gene ACTB was used for normalization. All primer sequences are listed in [Table S4](#SD1){ref-type="supplementary-material"}.

Total RNA was extracted from iSLK.219 or BCBL1-TREx-RTA cells and cDNA synthesis was performed as described above. Human Interferons and Receptors RT^2^ Profiler PCR Array was purchased from QIAGEN (Cat \#: PAHS-064Z), which contains 84 primer sets against human interferon signaling related genes and 5 housekeeping gene primer sets. Real-time PCR was then performed according to the manufacturer's protocol. Fold-change is the normalized gene expression (2\^(- Delta Ct)) in the Test Sample divided by the normalized gene expression (2\^(- Delta Ct)) in the Control Sample. The heatmap was generated using the web-based tool Morpheus (<https://software.broadinstitute.org/morpheus/>).

### Kaposin mRNA A-to-I editing by Sanger sequencing {#S24}

Total RNA was extracted from iSLK.219 cells transfected with NS, ADAR1 or ADAR2 siRNA followed by Dox treatment for 72h, and cDNA synthesis was performed as described above. Gene specific amplification was done with Q5 High-Fidelity DNA polymerase (NEB) following the manufacturer's guidelines. The primer sequences used for amplifying Kaposin are listed in [Table S4](#SD1){ref-type="supplementary-material"}. PCR products were purified with EZNA Cycle Pure Kit (OMEGA) and sequenced by Eurofins Genomics.

### Plasmid construction and luciferase assays {#S25}

Total RNA was extracted from iSLK.219 cells and cDNA was synthesized as described above. Kaposin A transcript was amplified by PCR and then cloned into pcDNA3.1 plasmid (Thermo Fisher) using NEBbuilder HiFi DNA Assembly Cloning Kit (NEB). The edited Kaposin plasmid was generated based on unedited Kaposin plasmid using the Q5 Site-Directed Mutagenesisi Kit (NEB). All primer sequences are listed in [Table S4](#SD1){ref-type="supplementary-material"}. 293T cells were co-transfected with empty vector or plasmids encoding wild-type or edited kaposin transcript along with the IFNβ promoter luciferase reporter plasmid. Luciferase activity was measured 24 hours post-transfection using the Dual-Luciferase Reporter Assay System (Promega).

### ADA activity assay {#S26}

iSLK.219 were induced with 0.2 μg/ml doxycycline for 0, 24, 48 and 72 hours, and then lysed in ADA assay buffer containing protease inhibitor cocktail. ADA activity was measured and quantified using Adenosine Deaminase (ADA) Activity Assay Kit (Fluorometric) (Abcam, ab204695) according to the manufacturer's protocols.

### Immunoblotting and ELISA {#S27}

Whole cell lysates were prepared in SDS-sample buffer (60mM Tris.HCl pH6.8, 2% SDS, 10% glycerol, 5% β-mercaptoethanol, 0.01% bromophenol blue) and separated by SDS-PAGE and then transferred to nitrocellulose membranes (GE Healthcare). The membrane was blocked in PBS-T (PBS with 0.1% Tween20) with 5% nonfat milk (Apex) and then incubated with the indicated primary antibody at 4°C overnight. Please refer to the [KEY RESOURCES TABLE](#T1){ref-type="table"} for antibodies used in this study. The vIL-6 antibody was purified from the supernatant of v6m 12.1.1 hybridomas (ATCC) using magnetic Protein A/G beads (Thermo Fisher). IFNβ protein in the supernatant were quantified by human IFN-beta DuoSet ELISA kit (R&D Systems) according to the manufacturer's protocol. IFNβ protein levels (pg/ml) were calculated based on the standard curve generated in the assay.

### RNA Immunoprecipitation quantitative PCR {#S28}

iSLK.219 cells were transfected with NS and ADAR1 siRNA followed by Dox treatment for 0 and 48 hours. The cells were harvested in RNA immunoprecipitation (RIP) buffer (25 mM HEPES pH7.2, 75 mM NaCl, 5 mM MgCl~2~, 0.1% NP-40, 1 U/μl RNase inhibitor), sonicated and then centrifuged at 15,000 rpm for 15 min. Supernatants were incubated with 25 μl of ProtG Dynabeads (Thermo Fisher) pre-coupled to 2 μg J2 mAb (Scicons) or mouse-IgG (Santa Crus) for 3 hours at 4°C. The beads were washed fourtimes with 1M urea RIP buffer and bound RNA was isolated with RNeasy MinElute Cleanup Kit (QIAGEN). Eluted RNA was incubated at 70°C for 3 min and then reverse transcribed with the SensiFAST cDNA Synthesis Kit (Bioline). Real-time qPCR was performed as described above, and enrichments were calculated using 10% of input material as a reference for each immunoprecipitation.

QUANTIFICATION AND STATISTICAL ANALYSIS {#S29}
---------------------------------------

For all figures, error bars show mean ± SD. Statistical significance of differences in mRNA expression level, IFNβ concentration and viral genome copies were determined using Student's t test (two-tailed). For all tests, a p value of \< 0.05 was considered statistically significant. \* indicates p \< 0.05.
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![Suppression of ADAR1 Inhibits KSHV Lytic Reactivation\
iSLK.219 cells were transfected with control non-specific (NS) siRNA or ADAR1 siRNA for 48 h and then treated with doxycycline (Dox; 0.2 μg/mL).\
(A) GFP- and RFP-positive cells were imaged 0, 48, and 72 h post-Dox treatment.\
(B) GFP and RFP intensities were measured by a Clariostar plate reader, and the RFP/GFP ratio was calculated at the indicated times.\
(C) KSHV genome copy numbers in the supernatants were measured by real-time PCR.\
(D--G) RNA was extracted from the cells, and the knockdown efficiency of ADAR1 (D) and the mRNA expression levels of the KSHV vIL-6 (E), ORF39 (F), and K8.1\
(G) genes were measured by real-time PCR. Target mRNA expression was normalized to β-actin mRNA and presented as fold induction.\
(H) Cell lysates were collected at the indicated time points, and western blots were performed with the indicated antibodies.\
The data shown are representative of three independent experiments. Data from (B)--(G) are presented as mean ± SD. \*, p \< 0.05 by Student's t test. Scale bar, 500 μm.\
See also [Figure S1](#SD1){ref-type="supplementary-material"}.](nihms-1589029-f0002){#F1}

![Knockdown of ADAR1 Increases Type I IFN and Cytokine Production during KSHV Reactivation\
iSLK.219 cells were transfected with NS or ADAR1 siRNA for 48 h and then treated with Dox (0.2 μg/mL) for 0, 48, and 72 h.\
(A) The fold induction of IFNβ mRNA expression level was measured by real-time PCR.\
(B) IFNβ production in the supernatant was measured by ELISA.\
(C--F) The mRNA expression of the IFNα1 (C), IFNγ (D), STAT1 (E), and IL-8 (F) genes was measured by real-time PCR, and the fold change was normalized to β-actin mRNA.\
(G) Heatmap of the Human Interferons & Receptors PCR array. RNA was extracted from the indicated samples, and the mRNA levels of the indicated genes were analyzed using the Human Interferons & Receptors RT^2^ Profiler PCR Array. The mRNA levels of genes were normalized to β-actin. The heatmap was generated using the web-based tool Morpheus (<https://software.broadinstitute.org/morpheus/>).\
The data shown are representative of three independent experiments, except for (G), which is representative of two experiments. Data from (A)--(F) are presented as mean ± SD. \*, p \< 0.05 by Student's t test. A1, ADAR1.\
See also [Figure S2](#SD1){ref-type="supplementary-material"} and [Table S1](#SD1){ref-type="supplementary-material"}.](nihms-1589029-f0003){#F2}

![ADAR1, but Not ADAR2, Is Involved in KSHV Lytic Reactivation-Induced IFN\
iSLK.219 cells were transfected with NS, ADAR1, or ADAR2 siRNA, and then lytic reactivation was induced with 0.2 μg/mL Dox for the indicated times.\
(A and B) The knockdown efficiency of ADAR1 (A) and ADAR2 (B) was confirmed with real-time PCR.\
(C) A-to-I editing in KSHV Kaposin transcripts. Sanger sequencing of Kaposin cDNA 72 h after Dox treatment from iSLK.219 cells. \*indicates the edited position at rKSHV.219 (NCBI:txid651668) genome coordinate 117809.\
(D) Transcription of the IFNβ gene was quantified by real-time PCR. The mRNA expression fold change was normalized to β-actin mRNA.\
(E) IFNβ production in the supernatant was measured by ELISA.\
The data shown are representative of three independent experiments. Data from (A), (B), (D), and (E) are presented as mean ± SD. \*, p \< 0.05 by Student's t test.\
See also [Figures S3](#SD1){ref-type="supplementary-material"}-[S5](#SD1){ref-type="supplementary-material"}.](nihms-1589029-f0004){#F3}

![Depletion of ADAR1 Enhances Activation of the RLR Signaling Pathway during KSHV Reactivation\
iSLK.219 cells were transfected with NS or ADAR1 siRNAs, and then lytic reactivation was induced with 0.2 μg/mL Dox for the indicated times.\
(A and B) Transcription of the MDA5 (A) and RIG-I (B) genes was quantified by real-time PCR. The mRNA fold change was normalized to β-actin mRNA.\
(C) Cell lysates were collected 0, 48, and 72 h after Dox treatment, and western blots were performed with the indicated antibodies.\
(D) Cell lysates were harvest 0 and 48 h after Dox treatment, and RIP-qPCR was performed with the J2 antibody or immunoglobulin G (IgG) as a negative control.\
The data shown are representative of three independent experiments. Data from (A) and (B) are presented as mean ± SD. \*, p \< 0.05 by Student's t test.\
See also [Figure S6](#SD1){ref-type="supplementary-material"}.](nihms-1589029-f0005){#F4}

![Enhanced IFNβ Production by Depletion of ADAR1 Is Dependent on the RLR Signaling Pathway\
iSLK.219 cells were transfected with the indicated siRNAs for 48 h, and then KSHV lytic reactivation was induced with Dox (1 μg/mL) for 72 h.\
(A) The fold induction of IFNβ mRNA expression levels was measured by real-time PCR.\
(B--D) The knockdown efficiency of ADAR1 (B), MDA5 (C), and RIG-I (D) was confirmed by real-time PCR.\
(E) Cells were harvested 72 h post-Dox treatment and immunoblotted with the indicated antibodies.\
(F) IFNβ production in the supernatant was measured by ELISA.\
(G and H) The mRNA expression levels of KSHV ORF39 (G) and K8.1 (H) were measured by real-time PCR. Target mRNA expression levels were normalized to β-actin mRNA and presented as fold induction.\
The data shown are representative of three independent experiments. Data from (A)--(D) and (F)--(H) are presented as mean ± SD. \*, p \< 0.05 by Student's t test. M, MDA5; R, RIG-I.](nihms-1589029-f0006){#F5}

![Concurrent Depletion of MAVS in ADAR1-Deficient Cells Rescues KSHV Reactivation\
iSLK.219 cells were transfected with ADAR1 siRNA alone or together with MAVS siRNA for 48 h and then reactivated with Dox (0.2 μg/mL) for 0, 48 and 72 h.\
(A) A representative image of a field of cells expressing GFP and RFP with or without Dox treatment for 72 h.\
(B) GFP and RFP intensities were measured by a Clariostar plate reader, and the ratio of RFP/GFP was calculated for the indicated times.\
(C--G) The mRNA expression of the ADAR1 (C), MAVS (D), IFNβ (E), KSHV ORF39 (F), and K8.1 (G) genes was measured by real-time PCR, and the fold change was normalized to β-actin mRNA.\
(H) Cells were harvested at different time points, and western blots were performed with the indicated antibodies.\
The data shown are representative of three independent experiments. Data from (B)--(G) are presented as mean ± SD. \*, p \< 0.05 by Student's t test. Scale bar, 500 μm. MA, MAVS.](nihms-1589029-f0007){#F6}

![ADAR1 Deficiency Increases Type I IFN Production and Inhibits KSHV Reactivation in PEL by Activating the RLR Pathway\
TREx BCBL1-RTA cells were transfected with NS or ADAR1 siRNA for 48 h and then reactivated with Dox (0.2 μg/mL) for 48 h.\
(A--D) The mRNA expression of ADAR1 (A), IFNβ (B), IFNα1 (C), and IFNγ (D) was measured by real-time PCR and normalized to β-actin mRNA.\
(E) Heatmap of the Human Interferons & Receptors PCR array. RNA was extracted from the indicated samples, and the mRNA levels of the indicated genes were analyzed using the Human Interferons & Receptors RT^2^ Profiler PCR Array. The mRNA levels of genes were normalized to β-actin. The heatmap was generated using the web-based tool Morpheus (<https://software.broadinstitute.org/morpheus/>).\
TREx BCBL1-RTA cells were transfected with ADAR1 siRNA alone or together with MAVS siRNA for 48 h and then reactivated with Dox (0.2 μg/mL) for 48 h.\
(F--J) The mRNA expression of ADAR1 (F), MAVS (G), IFNβ (H), KSHV ORF39 (I), and K8.1 (J) was measured by real-time PCR and normalized to β-actin mRNA.\
(K) Cells were harvested 48 h post-Dox treatment, and immunoblots were performed with the indicated antibodies.\
The data shown are representative of three independent experiments, except for (E), which is representative oftwo experiments. Data from (A)--(D) and (F)--(J) are presented as mean ± SD. \*, p \< 0.05 by Student's t test.\
See also [Table S2](#SD1){ref-type="supplementary-material"}.](nihms-1589029-f0008){#F7}

###### 

KEY RESOURCE TABLE

  REAGENT or RESOURCE                                                                                                                          SOURCE                    IDENTIFIER
  -------------------------------------------------------------------------------------------------------------------------------------------- ------------------------- -----------------------------------------------------------
  Antibodies                                                                                                                                                             
  ADAR1                                                                                                                                        Santa Cruz                Cat\# sc-271854; RRID: AB_10708553
  Phospho-IRF3                                                                                                                                 Abcam                     Cat\# ab76493; RRID: AB_1523836
  IRF3                                                                                                                                         Cell signaling            Cat\# 4302; RRID: AB_1904036
  Phospho-TBK1                                                                                                                                 Cell signaling            Cat\# 5483; RRID: AB_10693472
  TBK1                                                                                                                                         Cell signaling            Cat\# 3504; RRID: AB_2255663
  MDA5                                                                                                                                         Cell signaling            Cat\# 5321; RRID: AB_10694490
  RIG-I                                                                                                                                        Cell signaling            Cat\# 3743; RRID: AB_2269233
  MAVS                                                                                                                                         Cell signaling            Cat\# 3993; RRID: AB_823565
  KSHV ORF45                                                                                                                                   Thermo Fisher             Cat\# MA5-14769; RRID: AB_10999794
  KSHV K8alpha                                                                                                                                 Santa Cruz                Cat\# sc-57889; RRID: AB_783765
  KSHV vIL-6                                                                                                                                   This laboratory           N/A
  J2 mAb                                                                                                                                       Scicons                   Cat\# 10010200; RRID: AB_2651015
  Mouse IgG                                                                                                                                    Santa Cruz                Cat\# sc-2025; RRID: AB_737182
  Chemicals, Peptides, and Recombinant Proteins                                                                                                                          
  Lipofectamine RNAiMAX                                                                                                                        Invitrogen                Cat\# 13778150
  Lipofectamine 2000                                                                                                                           Invitrogen                Cat\# 11668019
  Doxycycline Hydrochloride                                                                                                                    Fisher Scientific         Cat\# BP26535
  Opti-MEM                                                                                                                                     GIBCO                     REF\# 31985-070
  2-Mercaptoethanol                                                                                                                            GIBCO                     REF\# 21985-023
  Tetracycline-free FBS                                                                                                                        Clontech                  Cat\# 631106
  Puromycin                                                                                                                                    Corning                   REF\# 61-385-PA
  Hygromycin B                                                                                                                                 Corning                   REF\# 30-240-CR
  Geneticin                                                                                                                                    GIBCO                     REF\# 10131-035
  Protease inhibitor cocktail                                                                                                                  Sigma-Aldrich             Cat\# 11697498001
  5X siRNA buffer                                                                                                                              Fisher Scientific         REF\# B-002000-UB-100
  Q5 High-Fidelity DNA Polymerase                                                                                                              NEB                       Cat\# M0491S
  DMEM                                                                                                                                         Corning                   REF\# 17-205-CV
  RPMI 1640                                                                                                                                    Corning                   REF\# 10-040-CV
  Poly (I:C) HMW                                                                                                                               Invivogen                 Cat\# tlrl-pic
  Dynabeads Protein G                                                                                                                          Invitrogen                Cat\# 10004D
  ViraPower Lentiviral Packaging Mix                                                                                                           Invitrogen                Cat\# K497500
  Critical Commercial Assays                                                                                                                                             
  RNeasy Plus Mini Kit                                                                                                                         QIAGEN                    Cat\# 74136
  DNeasy Mini Kit                                                                                                                              QIAGEN                    Cat\# 69506
  ADA Activity Assay Kit-Fluorometric                                                                                                          Abcam                     Cat\# Ab204695
  EZNA Cycle Pure Kit                                                                                                                          OMEGA                     Cat\# D6492-01
  SensiFAST cDNA Synthesis Kit                                                                                                                 Bioline                   Cat\# BIO-65054
  SensiFAST SYBR Lo-ROX Kit                                                                                                                    Bioline                   Cat\# BIO-94050
  IFN-beta DupSet ELISA Kit                                                                                                                    R&D Systems               Cat\# DY8234-05
  Cell Line Nucleofector Kit V                                                                                                                 Lonza                     Cat\# VCA-1003
  Human Interferons and Receptors RT^2^ Profiler PCR Array                                                                                     QIAGEN                    Cat\# PAHS-064Z
  RNeasy MinElute Cleanup Kit                                                                                                                  QIAGEN                    REF\# 74204
  NEBbuilder HiFi DNA Assembly Cloning Kit                                                                                                     NEB                       Cat\# E5520S
  Q5 Site-Directed Mutagenesis Kit                                                                                                             NEB                       Cat\# E0554S
  Dual-Luciferase Reporter Assay System                                                                                                        Promega                   Cat\# E1980
  Experimental Models: Cell Lines                                                                                                                                        
  Human: iSLK.219                                                                                                                              Don Ganem laboratory      [@R22]
  Human: TREx BCBL1-RTA                                                                                                                        Jae Jung laboratory       [@R23]
  Human: 293FT                                                                                                                                 Thermo Fisher             Cat\# R70007
  Oligonucleotides                                                                                                                                                       
  See [Tables S3](#SD1){ref-type="supplementary-material"} and [S4](#SD1){ref-type="supplementary-material"} for oligonucleotide information                             N/A
  siRNA and sgRNA sequences (Listed in [Table S3](#SD1){ref-type="supplementary-material"})                                                    Dharmacon                 N/A
  Primers sequences (Listed in [Table S4](#SD1){ref-type="supplementary-material"})                                                            This paper                N/A
  Recombinant DNA                                                                                                                                                        
  LentiCRISPRv2 blast                                                                                                                          Addgene                   Plasmid\# 98293
  pcDNA3.1                                                                                                                                     Thermo Fisher             Cat\# V79020
  IFNβ reporter luciferase reporter                                                                                                            Zhijian Chen laboratory   N/A
  Software and Algorithms                                                                                                                                                
  Morpheus                                                                                                                                     Morpheus                  <https://software.broadinstitute.org/morpheus>
  NIS Elements AR 4.60                                                                                                                         Nikon                     N/A
  Origin 9                                                                                                                                     Origin Lab                N/A
  Illustrator 2019                                                                                                                             Adobe                     N/A
  RNA Mfold                                                                                                                                    The RNA institute         <http://unafold.rna.albany.edu/?q=mfold/RNA-Folding-Form>

###### Highlights

-   Suppression of ADAR1 inhibits KSHV lytic reactivation from latency

-   ADAR1 deficiency increases type I interferon production during KSHV lytic reactivation

-   ADAR1 facilitates DNA virus reactivation

-   Reactivation results from dampening of RLR pathway-mediated innate immune response
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